Introduction
In 1974, the Study Group on Total Protein of the American Association for Clinical Chemistry (AACC) Committee on Standards conducted an interlaboratory study on the determination of total serum protein by the biuret reaction (1) . The success of that cooperative effort provided the impetus for the development of a candidate Reference Method for total serum protein.
This was made possible by the re-definition of a Reference Method (2) and the release by the National Bureau of Standards (NBS) of a primary protein standard (3), prepared according to the recommendations issued in 1968 by the AACC Committee on Standards (4).
Definition of a Reference Method
The following definition has been accepted by the participants in the Atlanta conference (2) Part of this work was presented at the 1979 national meeting of the AACC, New Orleans, LA (Clin. Chem. 25: 1072, 1979, abstract) .
Received June 22, 1981; with the definitive method and SRM or, where not available, with other well-characterized and documented analytical approach(es)." 6 The variety of proteins present in serum does not allow an exact definition of the analyte. Accuracy can only be documented by demonstrating low susceptibility to interfering tions exhibit similar absorptivities in the biuret reaction (4) . Absorptivity (a4.,0 mm) is defined as the corrected absorbance (corrected for sample and reagent blanks) of a solution containing 1.00 g of the analyte per liter. The biuret reaction was chosen as the basis of the method because of the relative specificity of the biuret reagent for proteins, the reproducibility of absorbance values when the reaction (color development) is allowed to go to completion, the close similarity in the absorptivity values (color yield) of the main serum protein fractions (4) , and the relatively few substances that interfere (5) .
History of the Biuret Reagents
The biuret reaction has been used to quantitate total serum protein for more than 60 years (6) . Because of the instability of the early reagents, the NaOH and CuSO4 solutions had to be kept separate (7, 8) . With these reagents, the turbidity that usually developed in the reaction mixture had to be clarified by extraction with ethyl ether (8) . The first stable biuret reagent, with CuSO4 and NaOH present in a single solution, was introduced by Kingsley (9) . Precipitation of Cu(OH)2 was prevented by use of a high NaOH concentration (2.9 mol/L) and a low CuSO4 concentration (7 mmol/L). A serious disadvantage of Kingsley's reagent, most likely ascribable to the high content of alkali, is that turbidity develops in the reaction mixture, which must be removed by extracting with ethyl ether before absorbance is measured. The same disadvantage applies to reagents containing ethylene glycol (10) or citrate (8) The incorporation of potassium sodium tartrate into the biuret reagent by Weichselbaum (12) produced a stable reagent and decreased the incidence of turbidity.
KI was added to prevent the autoreduction of Cu(II). Reagents containing potassium sodium tartrate can be divided into two groups. Those in the first group have a low alkali concentration (0.1-0.2 moVL) and a CuSO4 concentration of 10-30 mmol/L (12) (13) (14) . Those in the second group have a higher alkali concentration (0.5-0.8 mol/L) and a CuSO4 concentration of 4-fl mmolfL (15) (16) (17) . Analyze duplicate standards twice (including sample blanks), one pair at the beginning and one pair at the end of each run. To avoid problems of carryover, the sample blanks should be run first as a group, followed by the "Tests."
Materials and Methods

Equipment
Sample Blanks 1. Pipet 5.0 mL of alkaline tartrate into a series of 16 X 100 mm tubes.
2. Pipet 100 sL of sample (serum, standard, etc.) into each tube. If a manual pipet is used, make sure all sample is transferred by rinsing the pipet at least three times with the alkaline tartrate. Add the samples to the reagent at timed intervals (e.g., 0.5 or 1 min) and observe the same intervals for the absorbance measurements.
3. Cover the tubes with "Parafilm" and mix the contents gently and thoroughly by inversion immediately after a sample is added to the reagent. Let the tubes stand at 25 ± 1 #{176}C in a water bath for 60 mm.
Tests
1. Follow the same procedure and timing schedule as for the sample blanks (Steps 1-3 above) but substitute biuret reagent for alkaline tartrate in Step 1.
2. Prepare a large volume of reagent blank by pipetting 0.5 mL of water into 25 mL of biuret reagent; this will be needed to check for photometric drift.
Absorbance Measurements
Use the same cuvet for all measurements or, preferably, a 10-mm flow-through cuvet. For a regular cuvet, it is recommended that the cuvet be filled, emptied, and rinsed in place; solutions may be added with Pasteur pipets, and removed with a plastic-tipped tube attached to a water aspirator. If conventional "pour and fill" handling must be used, the cuvet must be carefully wiped and placed in the same orientation with respect to the light beam throughout the run. 1. Set the spectrophotometer at zero absorbance (0.000 A) at 540 nm with air in both the sample and reference beams (i.e., without the cuvet in the cuvet holder). 
Validation of the Method
Time required for completion of the reaction. The reaction time (30 mm) for color development at 25 #{176}C, used in the previous study (1) , was re-examined because complete color yield was one of the requirements for high precision. Solutions of BSA and HSA (100 g/L) and pooled sera were added to biuret reagent, and their absorbances were followed for 70 mm. The reaction was complete in 60 mm with all protein solutions ( Figure 1) ; we therefore elected to extend the incubation from 30 to 60 mm. 
Precision.
A frozen serum control with a protein concentration of 67 g/L was analyzed 20 times during six months. The within-run and day-to-day standard deviations were 0.1 and 0.4 g/L, respectively.
Two lyophilized commercial controls
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were also used to assess the precision of the method. Each control was analyzed 13 times during two years. Mean protein Fig. 1 Nineteen fresh sera were analyzed by the proposed method and by a modified procedure that includes a temperature of 37 #{176}C and a 10-mm incubation; in the latter case, absorbances were measured after the solutions were equilibrated to 25 #{176}C.
Mean protein values were 74.6 g/L at 25#{176}C and 75.0 g/L at 37 #{176}C, the largest difference among pairs being 2.5 gIL. The difference between mean protein values was not statistically significant by the paired t-test. C. Garber (University of Wisconsin-Madison) confirmed these findings.
Interferences.
Experiments with possible interfering substances were conducted in vitro. The substances tested are shown in Table 2 . Known amounts of these substances were added to pooled serum specimens or to BSA solutions. The original protein solutions and those containing the interfering substances were analyzed by the proposed method; the protein concentrations were kept constant in both.
Hemoglobin solutions were prepared from whole blood according to the method of Sunderman (26) , and bilirubin was dissolved in 0.1 mol/L Na2CO3; all other substances were dissolved in water.
As shown in Results from these experiments are summarized in Table 4 and Figures 5 and 6 . From the data for clear sera, there was no statistically significant difference between the mean protein values found in two out of three laboratories;
for lipemic sera the situation was reversed. The absence of any difference in the SRM 927 absorbance values indicates that analytical recovery of protein by the ChromyFischer method is complete.
Results were inconsistent for eight grossly lipemic sera with triglyceride concentrations (27) . Carbenicillin and seven other antibiotics (see Materials) that may be administered to patients at high doses (10-40 glday) were tested for interference.
At a concentration of 0.5 gIL, a positive bias ranging from 0.1 to 1.0 gIL protein was observed. Since therapeutic concentrations of these antibiotics in serum (28) are much lower than 0.5 g/L, they are not expected to cause significant interference.
The results of earlier experiments (1) indicated that glucose interfered in the total protein assay. Our conclusion from subsequent experiments is that glucose, even at a concentration of 10 g/L, causes no interference.
Dextran, if present in serum, combines with copper from the biuret reagent to form a precipitate. In the absence of copper (i.e., in the alkaline tartrate) dextran does not precipitate. It is easily detected in serum by the appearance of turbidity in the reaction mixture. This interference can be _______________________________________ eliminated by centrifuging the reaction mixture and measuring the absorbance of the clear supernate (18) . We recommend that all Test solutions be inspected before absorbance is measured; if a precipitate is present, or the specimen was drawn from a patient treated with dextran, centrifuge and measure the absorbance of the supernatant fluid. Total Protein, g/L Table 4 and the fact that there is no protein loss in the Chromy and Fischer procedure, this method should provide more reliable data with grossly lipemic sera. Since a well-characterized protein standard (SRM 927) has been made available, we decided to obtain data for establishing a reference interval for total serum protein.
Reference Values
Blood specimens from medical students and laboratory personnel were collected without anticoagulant. The subjects had fasted for 10-12 h and had been in the upright position for at least 2 h before blood was collected. The specimens were allowed to clot for 1 h, and then were centrifuged (1500 X g, 15 mm). The sera were kept stoppered and analyzed on the day the samples were collected; only clear sera without hemolysis were analyzed.
The data are summarized in Table 5 is the only substance found to interfere, but inspection of the reaction mixture for turbidity will reveal the presence of dextran.
We recommend that the solutions be visually inspected for turbidity before absorbance is measured. There was interference by carbenicillin (27) 
